of Saskatchewan is the premier source of asthma resources for patients and health care professionals. 15 This organization has trained a number of certified asthma educators who are licensed health care professionals and work in communities across the province. In addition, there are asthma clinics established in several urban centres.
We performed a retrospective cross-sectional study using data from 2 fiscal years (Apr. 1-Mar. 31 , 2002/03 and 2003/04). We used data from 2002/03 to identify asthma cases and to determine asthma prevalence. We included Saskatchewan residents who had a valid health insurance number at the mid-point of the fiscal year. We excluded people aged 5 years or less to avoid difficulties associated with diagnoses of bronchiloitis or bronchitis, and we excluded those aged 54 years or more to avoid difficulties associated with diagnoses of chronic obstructive pulmonary disease. We excluded patients with cystic fibrosis because they commonly receive antiasthma medications. We excluded First Nations people with registered Indian status because data on their prescription drug use are not available in provincial databases. In 2003/04, we measured asthma quality-of-care indicators among people who had been identified as having asthma in 2002/03 and who still lived in the region. We used different years to identify cases (2002/03) and to measure quality-ofcare indicators (2003/04) to avoid artifactual findings.
The University of Saskatchewan biomedical research ethics board determined that this study did not require ethical review because it involved the secondary analysis of deidentified data, it did not require contact with research participants and only aggregated results were reported.
Quality-of-care indicators
Using literature reviews [16] [17] [18] [19] and local expert input, we developed quality-of-care indicators and definitions based on 1999 and 2001 Canadian consensus guidelines for asthma.
11,20
Table 1 provides a description of the 6 proposed asthma quality-of-care indicators included in our study.
We classified a person as having asthma if he or she met at least 1 of the following criteria in a 1-year period: 3 or more prescriptions dispensed for an antiasthma drug; 2 or more physician services claims for asthma (International Classification of Diseases, 9th revision [ICD-9] code 493); 2 or more hospitalization claims for asthma (ICD-9 493.x or ICD-10 J45.x in any diagnostic field); 1 or more claims for physician services for asthma and 1 or more pharmacy claim for an antiasthma drug; or 1 or more hospitalization claim for asthma and 1 or more pharmacy claim for an antiasthma drug. This case definition is part of the Health Plan Employer Data and Information Set, 23 a quality measurement system used by the National Committee for Quality Assurance in the United States.
We extracted data from 6 health administrative databases that were linked by use of anonymous personal identifiers. Database linkage was 99.9% successful. We identified age, sex, urban or nonurban residence location and health insurance status from the Person Registry System database, and we tracked physician visits using the Physician Services database. We identified hospital admissions from the Hospital Discharge Abstract database and medication use from 2 prescription drug databases. We used the Vital Statistics database to identify deaths caused by asthma. Validation studies specific to asthma deaths and admission to hospital have been completed using Saskatchewan Health databases.
24,25
For hospital admission rates, we included admissions with a principal discharge diagnosis of asthma (ICD-9 493.x or ICD-10 J45.x) and an admission date during the measurement year. If a patient was transferred between facilities, all temporally contiguous admissions were considered part of the same hospital admission.
The antiasthma drugs that were available on the provincial drug formulary during the study period are presented in Table  2 . We excluded tiotropium (rarely used for asthma) and oral corticosteroids (not specific for asthma). The definitions of low, moderate and high yearly inhaled corticosteroid use are shown in Table 2 .
10,11 These dose ranges are also appropriate for children aged 5 years or more.
10,11
The 1999 and 2001 Canadian asthma guidelines suggest that short-acting β-agonist medications should be used no more than 3 times per week with 1 additional dose allowed per day before exercise, 11, 20 which equates to 3 inhalers each year. We defined high short-acting β-agonist use as more than 4 inhalers dispensed in a 1-year period (about 15 actuations per week), which allows for the maximum recommended dose and lost or spare inhalers. A pediatrician and pediatric respirologist deemed this definition to be valid for children aged 5 years or more. Short-acting β-agonists administered by different inhalation methods were converted to an equivalent salbutamol puffer dose (100 μg by metered dose inhaler). Poor asthma control was defined as high use of short-acting β-agonists, admission to hospital for asthma or death caused by asthma in the measurement year. Further methodologic technical details have been described. 12 We assigned people to urban or nonurban residence locations according to definitions used by Statistics Canada. 26 Information about residence location was missing for less than 0.5% of people with asthma. People missing this information were excluded from our analysis of residence location.
Statistical analysis
We stratified indicators by age, sex and urban or nonurban residence location. For each variable, we calculated crude and adjusted rates with corresponding 95% confidence intervals (CI). Rates for age and sex were adjusted for sex and age, respectively, by use of the variable denominator population. Similarly, the rates for urban or nonurban residence location were adjusted for age and sex. All indicators were tested for interaction between age and sex. If an interaction was identified, we reported the data by sex and age. We tested for differences between binomial variables using the χ 2 test for proportions. For nonbinomial variables, we used generalized linear regression modelling techniques to compare the index group to the mean rate across all other groups within the categorizing variable. For hospital admission rates, we tested for significance between males and females for each age group using a Poisson model. The level of significance was set at α = 0.05. • Guidelines recommend regular use of inhaled corticosteroids if short-acting β-agonist medications are used > 3 times/wk in addition to their once daily use to prevent exercise-induced symptoms 11, 20 Poor control and at least moderate inhaled corticosteroid drug use
• % of people with poor asthma control dispensed at least moderate doses of inhaled corticosteroid drugs
• No. of people dispensed at least moderate doses of inhaled corticosteroid drugs
• No. of people with asthma aged 6-55 years with poor control in the quality measurement year
• Guidelines recommend regular use of inhaled corticosteroids if short-acting β-agonist medications are used > 3 times/wk in addition to their once daily use to prevent exercise-induced symptoms 11, 20 • Patients with poor asthma control should receive at least a moderate dose of inhaled corticosteroids Poor control, high inhaled corticosteroid drug use, and use of other preventer drug
• % of people with poor asthma control on high doses of inhaled corticosteroids who were also dispensed other preventer drugs
• No. of people dispensed ≥ 1 asthma preventer drug other than an inhaled corticosteroid drug
• No. of people with asthma aged 6-55 years with poor control and who were dispensed high doses of inhaled corticosteroids in the quality measurement year
• Guidelines recommend that additional preventer medications be considered for people who already receive at least a moderate dose of inhaled corticosteroids and definitely for people who receive high doses of inhaled corticosteroids and continue to experience poor asthma control 11, 20 Poor control and main preventer drug use
• % of people with poor control who were dispensed a main preventer drug
• No. of people dispensed ≥ 1 main asthma preventer drug
• No. of people with asthma aged 6-55 years with poor control in quality measurement year
• Guidelines recommend that patients with poor asthma control should receive a main preventer medication, preferably inhaled corticosteroids 11, 20 • Use of any main preventer medication indicates that patients with poor control are receiving some form of anti-inflammatory therapy, including those who cannot or will not use inhaled corticosteroids Table 2 for doses). Other preventer medications include formoterol, salmeterol, aminophylline, oxtryphylline and theophylline.
Results
In We identified a significant interaction between age and sex. For both males and females, asthma prevalence was highest among children aged 5-9 years, and it declined with age. The prevalence of asthma was higher among males in the younger age groups (aged 5-14 years), and it was higher among females in the adult age groups (aged 20-54 years) (Figure 1 ). Asthma prevalence was significantly higher among those who lived in urban areas (4.2%) compared with those who lived in nonurban areas (3.2%).
There were 263 hospital admissions because of asthma in 2003/04, representing 10.9 admissions per 1000 people with asthma aged 6-55 years, with significant interaction between age and sex. Among females, admission rates were highest among girls aged 6-9 years and women aged 20-44 years, and the rates were lowest among youth aged 10-14 years (Table 4) . Among males, admission rates were highest among boys aged 6-9 years and lowest among men aged 30-44 years. Among females aged 20-44 years, hospital admission rates were 3 times greater than those among males (Figure 2 ), which was a larger than expected difference based on prevalence.
Among the 24 180 people with asthma, 47.9% were dispensed a preventer medication (46.4% received inhaled corticosteroids and 5.8% received an alternative preventer drug). Of those with asthma, 18% (4267) had poor control ( Figure  3) , and 97% of those with poor control had high use of shortacting β-agonists. There were fewer than 6 deaths due to asthma. The rate of poor control increased with age and was higher among males compared with females.
Among those with poor asthma control, 37% (1597/4267) did not use inhaled corticosteroids (Figure 3 ). Poor control was lowest among children aged 6-9 years and highest among adults aged 20-44 years. Males were significantly more likely than females to have poor control and to not use inhaled corticosteroids. Overall, 22% of those with poor control were dispensed moderate or high doses of inhaled corticosteroids. The rate of at least moderate inhaled corticosteroid use was lowest among people aged 6-29 years and was highest among people aged 45-55 years. There was no differences in the rate of at least moderate doses of inhaled corticosteroids between males and females.
Of people with poor asthma control who used high doses of inhaled corticosteroids, 26% (89/344) of patients also received another asthma preventer medication (Figure 3 ). There were no significant differences by age, and females were significantly more likely than males to take another preventer medication.
Of those with poor asthma control, 63.4% (2706/4267) were dispensed 1 or more main asthma preventer medication (Figure 3) . Almost all children aged 6-9 years with poor con- 
Reliever medication
Short-acting β-agonists Salbutamol, fenoterol, terbutaline, orciprenaline syrup 
Other preventer drugs
Inhaled long-acting β-agonists § Formoterol, salmeterol
Methyl xanthines
Aminophylline, oxtriphylline, theophylline
Other asthma drugs
Anticholinergics Ipratropium bromide, ipratropium-salbutamol combination *Dosage forms for parenteral delivery were excluded. †All indicators that measure inhaled corticosteroids include single and combination drug formulations. ‡Low, moderate and high inhaled corticosteroid dose intervals are pediatric appropriate (children aged ≥ 5 years).
10,11 §Drugs with Exception Drug Status.
trol were dispensed preventer medications. . The use of preventer medications decreased with age and was lowest among those aged 20-44 years. The rate of preventer medication use was significantly higher among females compared with males. There were no significant differences in hospital admission rates or in any of the 5 drug quality indicators between urban and nonurban residence locations.
Interpretation
Based on our system-wide indicators of asthma quality of care, we found that asthma management was suboptimal. In a health system with an asthma prevalence of 3.8%, nearly 1 in 5 people with asthma had poor control that required overly frequent use of short-acting β-agonists (> 4 inhalers dispensed in a 1-year period). National surveys report that over half of people with asthma experience frequent symptoms 6 or poor control.
5,27,28
Among those with poor control, 37% did not receive any inhaled corticosteroids and 40% received potentially inadequate doses. Inhaled corticosteroids reduce asthma symptoms, exacerbations and hospital admissions. 21, 29 Furthermore, those with poor control who take high doses of inhaled corticosteroids may benefit from additional preventer medications. However, in our study the number of such patients who received 1 or more additional preventer medications was fewer than expected (26%). Among those with poor control, use of main preventer medications was lowest among people aged 20 years or more.
Most (91%) children aged 6-9 years with poor asthma control received at least some inhaled corticosteroids. However, relatively few received a moderate dose, suggesting a problem with underdosing. Among adults aged 20-44 years, more than 2 of 5 patients received no inhaled corticosteroids. Of adults dispensed inhaled corticosteroids, most received less than a moderate dose. This would also suggest insufficient dosing.
The higher rate of poor control among males compared with females is unexpected. Other studies have suggested women have more symptoms than men. 6, 30 Comparison of our criteria for poor asthma control with validated references was outside the scope of this study and may be a limitation. Males with poor control were also less likely than females to use preventer medications as recommended by Canadian guidelines for 3 of the 4 prescribing indicators.
Several pharmacoepidemiologic studies that used data from administrative databases have defined asthma severity to investigate asthma outcomes. 21, 24, 29, 31 We could find no other comparative studies that proposed a definition for poor control. A key principle is the differentiation between asthma "control" and asthma "severity."
8 Current guidelines 9,10 stress establishing and achieving certain treatment goals that define ideal asthma control. These goals are the same for all degrees of asthma severity.
Our findings are comparable to other studies performed using health databases. A Californian study that used data from managed care administrative databases reported that 60% of patients aged 5-56 years received a controller medication and 13% received 6 or more short-acting β-agonist canisters each year. 32 A study in Florida that used automated dispensing data found that 8.2% patients overused short-acting β-agonists (more than 2 consecutive early refills). 33 Of these people, 48% did not receive a concomitant preventer medication.
In our study, the rate of hospital admissions because of asthma was 10.9 per 1000 people with asthma. The age and sex patterns for admissions because of asthma are comparable to other findings in Canada 34 and the United States. 35 Although Canadian survey data has identified the prevalence of asthma in Saskatchewan as being below the national mean (8.1% v. 8.4% among patients aged 12 years or more), 6 the rate of hospital admissions because of asthma in Saskatchewan (among those aged 5-54 years) is higher than the national mean (64.6 v. 47.6 per 100 000 residents) (Louise McRae, Public Health Agency of Canada, Ottawa, Ont.; personal communication, 2007). Nonstandardized systems for diagnosing asthma and regional differences in disease management could possibly explain these contradictory findings.
A recent study found there has been no improvement in asthma control since 1999 in Canada.
28 This survey largely concluded that self-reported treatment measures aimed at controlling asthma were not widely adopted. Our systemwide approach provided actual measures of quality indicators rather than self-reported assessments. Despite the differences in approaches, both studies concluded that asthma control was suboptimal. As the result of differences in methods, temporal comparisons of quality of care are unreliable except from a global perspective. Data from 15 years earlier, 24 although not strictly comparable in terms of both the topics addressed and the medications available at that time, appears to show more overuse and abuse of short-acting β-agonists and less use of inhaled corticosteroids than observed in the current study. This suggests improvement in treatment patterns that should correlate with improvement in control.
Our proposed quality-of-care indicators can be easily measured and will be useful in monitoring asthma control and system-wide interventions over time. In addition, they will be useful to compare asthma control between institutions, regions and health care systems. Our indicators provide governments, agencies, educators and researchers with a measurement tool to profile aspects of asthma care.
Despite the existence of certified asthma educators, asthma information and education resources, and several asthma clinics, there appears to be suboptimal asthma care in Saskatchewan. There are many potential reasons why our study found suboptimal asthma management, including differences in disease management between children and adults; differences in behaviour between age groups and between males and females; insufficient patient knowledge; poor coordination of care; and inadequate guideline dissemination to physicians. Several evidence-based approaches that could inform policy and system based strate- 39 and drug formulary regulations aimed at influencing prescribing practices.
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Our study has several limitations. We used databases constructed for administrative purposes. Physician billing databases capture only 1 diagnosis per visit and may not capture services provided by nurses or non-fee-for-service practitioners. Some asthma drugs were not captured in our database, including drugs dispensed to inpatients and nonidentifiable recipients of federally-funded drug programs (e.g., members of the Canadian Forces and the Royal Canadian Mounted Police, veterans and federal inmates), drugs given as free samples and nonapproved exception drug status prescriptions. Additionally, diagnostic information, prescriptions written but not dispensed and patient adherence were not captured by drug claims. Data for most dimensions of control (nocturnal awakenings, limitation in activities and exacerbations) were not available in the databases, hence, poor asthma control among our study population could be underestimated. Allowing for 1 lost inhaler per patient per year in our definition of high short-acting β-agonist use may have also contributed to an underestimation of poor control. Finally, by setting an upper age limit of 54 years, we were unable to completely rule out the possibility of asthma being misdiagnosed as chronic obstructive pulmonary disease.
We used high-quality health services data for nearly a complete provincial population and elaborate analytic methods. We determined that asthma management in Saskatchewan is suboptimal and that it would be improved by increased use of inhaled corticosteroids and preventer medications and by reduced reliance on short-acting β-agonist medications. These strategies should also reduce hospital admissions because of asthma. Although we completed a literature review and consulted with an expert advisory panel, the asthma indicators that are included in this study have not been validated with the databases used. Studies to validate the use of measurement tools such as the quality-of-care indicators used in this study should be the focus of future research. Further research is also needed to explain the age-and sex-related differences in guideline-based prescribing practices among patients with poor asthma control. Features in our study may be useful in other jurisdictions to monitor the quality of care for asthma.
